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TERMINAL  AREA  ENERGY  MANAGEMENT 
REGIME  INVESTIGATIONS  UTILIZING  AN  0.0^0-SCALE  . 

MODEL  (47-0)  OF  THE  SPACE  SHUTTLE  VEHICLE 
ORBITER  CONFIGURATION  140A/B/C/R  IN  THE 
AMES  RESEARCH  CENTER  11  x 11  FOOT 
TRANSONIC  WIND  TUNNEL  (0A148) 
by 

P.  J.  Hawthorne,  Rockwell  International  Space  Division 
ABSTRACT 

This  report  documents  data  obtained  in  wind  tunnel  test  0A148. 

The  objectives  of  the  test  series  were  to: 

1)  obtain  pressure  distributions,  forces  and  moments  over  the  vehicle 
5 Orbiter  in  the  terminal  area  energy  management  (TAEM)  and  approach  phases 
of  flight. 

2)  obtain  elevon  and  rudder  hinge  moments  in  the  TAEih  and  approach 
phases  of  flight. 

3)  obtain  body  flap  and  elevon  loads  for  verification  of  loads 
balancing  with  integrated  pressure  distributions. 

4)  obtain  pressure  distributions  near  the  short  QMS  po\ls  in  the  high 
subsonic,  transonic  and  low  supersonic  Mach  number  regimes. 

Testing  was  conducted  over  a Mach  number  range  from  0.6  to  1.4  with 
Reynolds  number  variations  from  4.57  x 10®  to  2.74  x 10®  per  foot.  Model 
angle-of-attack  was  varied  from  -4  to  16  degrees  and  angles  of  side  slip 
ranged  from  -8  to  8 degrees. 
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b.  Definition  of  Angular  Measurements 

c.  Elevon  Hinge  Moment  Sign  Convention 
Model  sketches. 

a.  Configuration  - 140A/B/C/R 

b.  Base  Pressure  Taps  and  Areas 
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a.  Three-Quarter  Front  View  of  Model  47-0 

In  the  ARC  11x11  Foot  UPWT 

b.  Throe-Quarter  Rear  View  of  Model  47-0 

m the  ARC  11x11  Foot  UPWT 
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LEFT  HIN6  TOP  SURFACE  ELEVON  DEaECTION  ALPHA,  NACH  E 1222-1306 

10  DECREES  2Y/nf,  BETA 

VERTICAL  TAIL  SPEEDBRAXE  DEFLEaiON  ALPHA,  NACH  F 1307-1374 

0 DEGREES  . 2/BV,  BETA 


NOMENCLATURE. 


Symbol 

Plot 

Symbol 

Definition 

Ab 

AB 

total  Orbiter  base  area,  ft* 

Al 

Al 

area  oyer  which  P-|  acts,  ft* 

Asb 

ASB 

speed  brake  base  area,  ft* 

b 

BREF»  BW 

Orbiter  wing  span.  In 

by 

BV 

vertical  tall  reference  span.  In 

CAU 

Orbiter  uncorrected  axiAl  force  coefficient 

h 

CA 

Orbiter  axial  force  coefficient  with  sting 
cavity  adjusted  to  average  base  pressure 

CAf 

CAP 

Orbiter  forebody  axial  force  coefficient. 

^Asc 

CASC 

Orbiter  sting  cavity  axial  force  coefficient. 

% 

CDU 

Orbiter  uncorrected  drag  coefficient 

^hbf 

CHBF 

body  flap  hinge  moment  coefficient,  about 
hinge  line  Xq  ■ 1532.0 

CHEI 

Inner  elevon  hinge  moment  coefficient,  about 
hinge  line  Xq  = 1387.0 

O 

OA 

O 

CHEO 

outer  elevon  hinge  moment  coefficient,  about 
hinge  line  Xq  ■ 1387.0 

^*^®T0T 

CHETOT 

total  right  elevon  hinge  moment  coefficient 

CLU 

Orbiter  uncorrected  lift  coefficient 

Ct 

CBL 

Orbiter  rolling  moment  coefficient, body 
axis  system 
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NOMENCLATURE  (Continued) 


O 


Plot 

Symbol  Symbol  Definition 


c«,  CLH 

S,  CLMU 

C..C 


Orbiter  pitching  moment  coefficient  with 
sting  cavity  adjusted  to  average  base  pressure* 
referenced  to  Orbiter  MRC. 

Orbiter  uncorrected  pitching  moment  coefficient 


Orbiter  forebody  pitching  moment  coefficient 
referenced  to  orbiter  MRC. 

Orbiter  sting  cavity  pitching  moment  coefficient* 
referenced  to  Orbiter  MRC 


Cm  CNU 

"u 

Cn  CN 


CNp  CNF 

CNjc 


Orbiter  uncorrected  normal  force  coefficient 

Orbiter  normal  force  coefficient  with  sting 
cavity  adjusted  to  average  base  pressure 

Orbiter  forebody  normal  force  coefficient 
Orbiter  sting  cavity  normal  force  coefficient 
Orbiter  yawing  moment  coefficient*  body  axis  system 


Cpi  CPI 


surface  tap  pressure  coefficient*  port  1* 
(Pi  - PJ/q 


Cy  CY 


Orbiter  side  force  coefficient 


Crvnrvi  C[X][Y]  base  area  force  and  moment  coefficients. 

The  first  subscript  (post  fix)  designates  the 
type  of  coefficient*  the  second  the  pressure 
tap  and  It's  associated  area.  The  symbolic 
vectors  [X]  and  [Y]  are  defined  below. 


A 

A 

axial  force 

N 

N 

normal  force 

Y 

Y 

side  force 

m 

LN 

pitching  moment 

n 

YN 

yawing  moment 

l 

BL 

rolling  moment 
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NOMENCLATURE  (Continuad) 


Plot 


Symbol 

Symbol 

Definition 

in- 

1.2.3 

4.5,6 

sc 

bf 

1.2.3 

4.S.6 

SC 

BF 

orees  associated  with  pressure  taps 
1 through  6 see  figure  2b 
sting  cavity  area 

upper  body  flap  area 

lb 

LB 

Orbiter  reference  body  length.  IML  nose 
to  Xo  • 1528.3,  in. 

4REF 

LREF 

longitudinal  reference  length,  Orbiter  mean 
aerodynamic  chord,  in 

LU/OU 

uncorrected  lift  to  drag  ratio,  CLU/COU 

M 

MACH 

freestream  Mach  number 

0 

PHI 

angular  cylindrical  coordinate  position 
around  Orbiter  body  - deg. 

Pi 

Pi 

pressure  at  surface  tap  i,  PSF 

P» 

P 

freestream  static  pressure,  PSF 

Pt 

PT 

freestream  total  pressure,  PSF 

q 

Q 

freestream  dynamic  pressure,  PSF 

RN/L 

unit-  finynolds~nufflber,-m4141en  -per-^^ot- 

s 

SREF 

wing  reference  area,  ft* 

•t 

HR 

freestream  total  temperature,  **R 

Xcp 

XCP/L 

center  of  pressure  location  referred  to  Ijj 

O 

o 

X 

X/LB 

longitudinal  location  of  body  surface, 
fraction  of  bo1y  length 
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NOMENCLATURE  (Concluded) 


Symbol 

Plot 

Symbol 

Definition 

X/C 

X/CW 

chordwise  locotlon  on  wing  surface, 
fraction  of  local  chord 

X/CV 

chordwise  location  on  vertical  tall, 
fraction  of  local  chord 

iy 

Z/BV 

spanwise  location  on  vertical  tall, 
fraction  of  vertical  tall  span 

n 

2Y/BU 

spanwise  location  on  wing,  fraction 
of  semi  span 

^rp 

XMRP 

longitudinal  location  of  moment  reference  point 

XT 

XT 

longitudinal  moment  transfer  distance  from 
Orbiter  balance  center  to  Orbiter  MRC,  In 

Wp 

YMRP 

lateral  location  of  moment  reference  point 

Zt 

ZT 

vertical  moment  transfer  distance  from 
Orbiter  balance  center  to  Orbiter  MRC,  In 

a 

ALPHA 

angle  of  attack,  degnses 

a 

BETA 

angle  of  sideslip,  degrees 

«bf 

BDFLAP 

body  flap  deflection,  degrees 

«eL 

ELVN-L, 

L-ELVN 

left  eleven  deflection,  degrees 

«6R 

ELVN-R, 

R-ELVN 

right  elevon  deflection,  degrees 

«r 

RUDDER 

rudder  deflection,  degrees 

«sb 

SPDBRK 

speed  brake  deflection,  degrees 

Zm..n 

mrp 

ZMRP 

vertical  location  of  moment  reference  point 

$$ 

mask  character  used  to  Indicate  all 
possible  values  for  this  test  01  through  85 

REMARKS 


During  the  course  of  the  test  It  was  necessary  to  r :p1umb  the  scan1» 

t 

valves.  The  resultant  time  loss  necessitated  deleting  the  priority  4 runs 
which  Incorporated  the  use  of  the  metric  vertical  tall. 

Data  obtained  from  pressure  taps  184,  296  and  347  a^e  suspect  dur  to 
slow  leaks  noticed  while  leak  checking  Individual  model  pressure 

Body  flap  hinge  moment  data  for  datasets  RE8001  ^h'^our*'  . ■ ^ have 
a -15% drift  while  datasets  RE8006  and  RE80C7  • 0%  drift  due  to  data 

recording  system  errors.  Syst«n  checks  u.nng  the  remainder  of  the  test 
Indicate  a system  error  of  less  than  4%  for  body  flap  hinge  moment  data. 

Rolling  moment  data  has  an  approximate  -.003  bias  in  the  co'^fflclent. 
The  reason  for  this  was  not  determined,  but  possible  sources  are  fabrication 
tolerances  and/or  differential  stiffness  of  the  left  ano  right  eleven 
panels. 

Distortion  of  the  Instrumented  eleven  shaft  appears  to  have  occurred 
around  run  310  due  to  model  assembly  difficulties  and  the  maximum  loads  en- 
countered at  these  test  conditions:  A comparison  of  measured  eleven  de- 
flection before  and  after  the  test  with  the  nominal  setting  is  presented 
below: 


Eleven  Panel 


Nominal 


Pre-Test 


Post-Test 


Inboard  right 


-10 

-9*  36* 

-8®  55' 

-4 

-3*  34* 

-2®  55' 

0 

+0®  10' 

♦1®  02' 

4 

♦4®  26' 

♦4®  28' 

10 

♦10®32' 

+10®39' 

-10 

-9®  36*  ^ 

-8®  15' 

-4 

-3"  34'  / . 

-2®  20' 

0 

♦0®  10'  V ^ 

♦1®  05' 

4 

♦4®  26'  \ 

♦3®  59' 

10 

+10®32'-/ 

♦10®18' 

Outboard  right 

* Inboard  only  was  measured  but  was  the  same  as  outboard  panel (see  Ref  2) 
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CONFIGURATION  INVESTIGATED 


O' 


Tbe  Roclwell  lotemattonal  model  «-0  S(ace  Shuttle  OrMter  Vehicle 
was  utillaed  In  this  test  series.  The  model  was  orlglnlally  constructed 
to  -140VB  lines,  but  was  modified  prior  to  this  test  with  the  addition 
of  the  -140C  OMS  pods,  six  Inch  bevelled  Interpanel  eleven  paps  and  un- 
covered RCS  forward  thruster  parts.  To  denote  these  additions,  the  addi- 
tional designations  -C*  (for  -140C  OMS  pOds)  and  "R"  (for  RCS  thrusters) 
were  added,  and  the  slashes  deleted  for  convenience  on  Table  ll(des1gnated 

“-140  ABCR”). 

In  data  seU  RE8069  to  085  the  RCS  thruster  ports  In  the  nose  were 
filled  reverting  the  configuration  to  -140R/B/C  modified  with  body  B^g. 


The  following  nomenclature  denotes  the  model  components: 


Component 


B 


'26 


B 


70 


Description 

140A/B  fuselage  (VL70-000140A,  VL70000140B) 

140A/B  fuselage  (VL70-000140A,  VL70-000145,  VL70-00014OT. 
VL70-000143A.  VL70-000139)  with  RCS  thrustor  parts  (VL70- 
08501.  VL70-08502.  VL70-08296) 


*44 


M 


16 


N 


28 


'8 


W 


116 


<I0A/B  basic  canopy  (VL70-000140Ag  VL70-000143A) 

40WB  elevens  (VL70-000200,  VL70-006089,  VU0-006W2)  , 

1th  six  Inch  bevelled  Interpanel  gaps,  no  flipper  door 

40A/B  body  flap  (VL70-000140B,  VL70-000200) 

IMS-RCS  pods  for  140C  Orbiter 


OMS  basic  nozzles 

basic  Orbiter  rudder  (VL70-000146A.  VL70-000095) 
basic  Orbiter  vertical  tall  (VL70-00014CA.  VL70-000146A) 
basic  140A/B  wing  (VL70-000140B,  VL70-000200) 


REPRODUCIBILITY  OP  THR 

‘AL  PAG*;]  IP 


CONFIGURATIONS  INVESTIGATED  (Concluded) 


Designated  configurations  are: 

-140ABCR  5 B^q  Cg  E^4  Fg  M,g  Ngg  Rg  Vg  W,,g 
-140  ABC  » Bgg  Cg  E^^  Fg  M^g  Ngg  Rg  Vg  Vl^-jg 


TEST  FACILITY  DESCRIPTION 

The  Ames  Research  Center  Unitary  Plan  11*  by  11 -Foot  Transonic  Wind 
Tunnel  Is  a closed-circuit*  a1r-med1um»  variable-density  facility  capable 
of  attaining  Mach  numbers  from  0.6  to  1.4  at  Reynolds  numbers  from  1.7  x 
10^/ft  to  9.4  X 10^/ft.  The  test  section  Is  22  feet  long*  and  models  are 
Installed  on  Internal  strain-gauge  balances  mounted  sting-type  support 
systans. 

Shadowgraph  and  Schlleren  photographic  equlpnwnt  Is  available*  and 
pressure  transducer  Instrumentation  Is  provided. 

Tunnel  operating  taiq^erature  Is  SSO^’R.  Extended  high  Reynolds  number 
runs  are  restricted  by  po’fer  availability. 


V 
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DATA  REDUCTION 


Standard  NASA/ Ames  data  reduction  equations  were  used  to'reduce 


forces,  moments,  and  pressures  to  coefficient  form.  Orbiter  main  balance 


force  and  moment  coefficients  were  computed  using  the  following  equations: 

Orbiter  main  balance  measurement 


Normal  Force 
Axial  Force 
Pitching  Moment 
Yawing  ^tonent 
Side  Force 
Rolling  Moment 


CAu  “ AF  / (q  S) 
Cn„  “ NF  / (q  S) 

Cy  - SF  / (q  S) 


“ Cfiy  cos  o s1n  a 


^I>u  “ ^f<u  “■^  ^Au  cos  a 


» WL  X ‘'A  • ^T  ^N  * ^T 
X c 5 — 


c,  . El • 
* qSb  B 


Moment  Transfer  Distances 


Xy  = 0.572  in. 

c„  - . SLAJil  Vt  - 0 

^ Zt  • 0.450  «n. 

The  Moment  Reference  Center  about  which  the  data  wds  reduced  Is 
located  at 

Orbiter  (Full  Scale) 
h 1076.68 

Yo  0 

h \ 375.00 

Balance  coefficients  were  grouped  Into  datasets  RE80$$. 
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DATA  REDUCTION  (Continued) 


Hinge  momertts  and  hinge  rnoment  coefficients  were  computed  using  the 
following  equations: 

Eleven  hinge  moments  (Inboard  and  outboard). 

HMej  = (HM1-HM2)  (Ml/Dl)  + HM1 

HMeo  • (W3-HM4)  (M3/D3)  + HM3 

where 

HM1  « measured  moment  on  strain  gage  1 

Dl  * distance  between  gages  1 and  2,  .49335  In. 

D3  » distance  between  gages  3 and  4,  .45800  In. 

Ml  = moment  transfer  distance  for  Inboard  elevon*  .9^5  In. 

M3  » moment  transfer  distance  for  outboard  eleven,  .92250  In 

Eleven  hinge  moment  coefficients 

Inboard,  C^^  « / (m  Sq  c^) 

■ I 

Outboard,  ® ^ 


Tot.1.  C„e,*% 


Se  * eleven  reference  area,  0.189  ft.* 


Cg  ■ eleven  reference  MAC,  2.721  In. 


Body  flap  hinge  moment  coefficient 
^Hbf  * ^”bf  / ^bf  ®bf ) 

HMbf  * measured  body  fl«P  hinge  iwmient 
Shf  « body  flap  reference  area,  0.12834  ft.* 


DATA  REDUCTION  (Continued) 

Cbf  • bo<ly  reference  MAC,  2.541  In. 

Hinge  moment  coefficients  are  part  of  datasets  RE8X$$. 

Pressure  coefficients  for  all  model  orifice  pressure  measurements 
were  computed  using  this  equation: 

Cp^  • (Pi  • P-)/^ 

where  P.|  ® pressure  at  model  orifice  1 
P.  » tunnel  static  pressure 
q = tunnel  dynamic  pressure 
Other  data  reduction  constants  Include: 

S ® wing  reference  area,  2.4210  ft.* 

c = wing  reference  chord,  14.2443  in. 

b ® wing  reference  span,  28.1004  In. 

After  the  data  had  been  reduced  to  coefficient  form  by  NASA/AMES, OMS 
Interpolated  it  to  nominal  o's  and  p's.  Then  2 types  of  base  and  sting 
cavity  area  coefficients  were  calculated.  When  they  are  applied  3 types 
of  balance  coefficient  data  exists.  These  can  be  distinguished  by  the 
last  subscript  (symbolic  name)  or  postfix  (mnemonic  name).  The  key  Is 
given  below 

U ' uncorrected  coefficients. 

• coefficients  with  sting  cavity  pressure  corrected  to 
base  pressure  (without  a suffix). 

F **  forebody  coefficients  with  the  base  area  pressure 
corrected  to  freestream  pressure. 
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data  reduction  (Continued) 

Only  the  correction  coefficients  associated  with  base  pressure  tapes  1 
through  4 were  applied  to  the  longitudinal  arbiter  coefficients. 

Figure  2b  Illustrates  the  base  area  associated  with  each  pressure 
tap.  Alphabetic  characters  bf  and  sc  designate  body  flap  and  sting  cavity 
areas,  respectively.  Base  area  coefficient  names  have  a numeric  character 
which  designates  the  pressure  tap  number.  Base  coefficient  for  vertical 

I 

tall  areas  5 and  6 were  calculated  but  not  applied  to  the  total  orbiter 
coefficients.  Base  area  coefficient  values  are  tabulated  In  the  appendix. 

A detailed  derivation  of  these  coefficients  follows.  It  Is  concluded  by 

a matrix  of  base  area  geometric  properties. 

The  orbiter  sting  cavity  force  and  moment  coefficients  were  computed 

as: 

r.  n (^p2  • ^l)  ^1 
^Asc  S 

„ (Cd2  - ^Dl)  ^1  12.55® 

^sc  " S 

Sc“%c^‘%c¥ 

The  orbiter  force  and  moment  coefficients  corrected  for  the  differ- 
ence between  balance  cavity  pressure  and  orbiter  base  pressure: 

^A  “ ^Ay  ’ %c 

^N  \c 

Cm  “ ■ ^sc 

These  orbiter  coefficients  are  part  of  datasets  KE80$$. 

O 
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DATA  REDUCTION  (Continued) 


Orbiter  base  force  and  moment  coefficients  were  calculated  as  follows: 
Upper  base  area 

^N2u  “ *^^p2  ^2u  16®)/S 

^A2u  “ ”^^p2  ^2u)/^ 

r - ^A2u  ^2u  . ^N2u  ^2u 

H«2u  " c c 

Lower  base  area 


tN2j..*  -(CpZ  % 


^ - Cn2, 


Total  base  area,  A2 


Cn2  ' ^N2u  ^ ^N2£ 

Ca2  * ^A2u  ^A2£ 

^m2  ' ^m2y  * 

OMS  pod  base  area,  A3 

(This  assumes  the  surface  Is  perpendicular  to  the  orbiter  X-axis) 
Ca3  “ “(Cp3  A3)/S 

Cm3  = CA3  ^ 

OMS  pod  base  area,  A4 

(This  assumes  the  surface  is  perpendicular  to  the  orbiter  X-axis) 


DATA  REDUCTION  (Continued) 


O 


^A4  **  ”^^p4  ^4^/^ 

Cm4  “ 

Coefficients  for  the  above  areas  are  grouped  Into  datasets  EE8D$$. 
Upper  surface  of  body  flap 

(«bf  +6.88«) 

%f  • cos  (Sbf  + 6.88") 

where: 

a ^p200  ^0201^'^  ^p204  ^d205 

The  orbiter  force  and  moment  coefficients  adjusted  to  free  stream 
pressure  (forebody  coefficients). 


% “ ^Ny  -(cN2  * Cfibf) 

4 

These  orbiter  coefficients  are  part  of  datasets  KE80$$. 
Vertical  tall  "undercarriage"  area,  A5 

Top  Segment: 

^N5t  * (Cp5  ^5t  63.75®)/S 
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DATA  REDUCTION  (Continued) 


CASt  ■ - <Cp5  Ast)/S 

CroSt  ■ CA5t  ^ “ Cfist  i|i 
Middle  Segment: 

CNSm  ■ (Cp5  Asm  tan  26.1426*)/S 
^ASm  “ “ (Cp5  A5i«)/S 

^•mSm  ■ ^ASm 

Bottom  Segment: 

CNSb  * (Cp5  Asb  tan  21.94*)/S 
CA5b  • • (Cp5  Asb)/S 

CmSb  • CASb  ^ * C^Sb  ^ 
Total  area*  Ag: 

CN5  • CNst  + C^sn,  + Ci^sp 

CA5  " CASt  + CA5m  + CASb 

Cms  " C,n5t  ■**  C|n5in  CmSb 

Vertical  Tall  base  area.  Ag: 

Segment  above  rudder 
Cn6u  ■ ^Cpg  Agy  tan  63.75®)/S 

Ca6u  * ^Cpg  Agy)/S 
Cm6u  • Ca6u  ‘ Cfigy 
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DATA  REDUCTION  (Continued) 


Rudder/Speed  brake  base: 

CA6t  * Cp6  Ag^^  Csin  (p-55.1667®)  cos  55.1667" 

+ cos  (e  -55.1667®)  sin  55.1667®  cos  (ar)]/S 
^6  " ^d6  ^6'  ’ 55.1667®)  sin  55.1667" 

- cos  (e-55.1667®)  cos  55.1667®  cos  («r)]/S 
^Y6£  “ ^p6  ^6'£  -55.1667®)  sin  ar/S 

^6£  ■ t^A6£  <^6£)  " Cn6 

Cs6£  • CCy6^  (Z6£)]/b 

Cn6i  - -CCY6  (X6t)]/b  ^ 

6 » tan’^  [5.456791  •»•  .573209  cos  (“t) 

[3.797715  - .823715  cos 

“ '^e/sin  6 

Total  area,  A.: 

D 

CA6  * ^a6u  * ^A6» 

^Ng  “ * CNg£ 

Cmg  » Cmgu  + Cmg£ 

^£6  ’ ^t6t 
Cn6  “ Cn6£ 

Vertical  tail  area  coefficient  data  are  grouped  into  datasets  0E8D$$. 


BASE  GEOHETRIC  PROPERTIES  MATRIX 
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data  reduction  (Continued) 
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Sting  cavity  and  Orbiter  balance  cavity  are  synonyKMis. 
HA  ' not  applicable. 


DATA  REDUCTION  (Conti.iued) 


o 


A6^  n? 


0 

2S 

35 

55 

85 


0.0066036 

0.0456000 

0.0621000 

0.0950800 

0.1551400 


= 15.045  + 1.442277  [1-cos  (6sb/2)] 


Zea  “ 9.755  ♦ 0.501827  [1-cos  («sb/2)] 


Standard  ONS  loads  cycle  test  procedures  were  used  to  process  the 
0A148  pressure  data.  First  numerous  pressure  distribution  plots  were 
released.  Analysis  of  these  produced  bad  pressure  data  list.  This  list 


Is  reproduced  below: 


I 
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DATA  REDUCTION  (Continued) 


\ 


(j 


0A148  Bad  Pressure  Data 


Component 

Dataset 

No> 

Tap 

A 

A 

Fuselage 

1 

143 

4 

-4 

(B) 

1 

148 

4 

-4 

1 

150 

4 

-4 

1 

152 

4 

-4 

1 

186 

4 

-4 

1 

187 

4 

-4 

1 

189 

4 

-4 

1 

191 

4 

-4 

1 

193 

4 

-4 

Lower  Wing 

1 -►  7 

231 

ALL 

ALL 

(L) 

1 85 

290 

ALL 

ALL 

1 

316 

4 

-4 

1 

317 

4 

-4 

1 

337 

4 

-4 

1 

338 

4 

-4 

1 

358 

4 

-4 

1 

378 

4 

-4 

1 

379 

4 

-4 

1 

398 

4 

-4 

Upper  Wing 

1 -►  7 

247 

ALL 

ALL 

(U)  ■ 

1 

357 

4 

-4 

Body  Flap  (F) 

24 

205 

-4 

12 

Speed  Brake  (K) 

1 85 

822 

ALL 

ALL 

Vertical  Tall 

8 

443 

ALL 

ALL 

(V) 

ALL 

1444 

ALL 

ALL 

79 

1453 

-4 

-4 

79 

1454' 

-4 

-4 

Note:  Wind  tunnel  pressure  data  tabulated  In  the  appendix 
have  the  original  bad  data  values. 


< > 
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MTA  reduction  (Contlmieil) 


Q 


Th.se  points  .1lm)„,t.d  from  further  processino.  Th.  r«Mln1n,  <l.t« 
wer.  InUrpoUtod  to  nomltul  alpha  and  beta  values.  Processing  ms  com- 
pleted mth  the  release  of  a ngnetic  tape  containing  the  final  Interpo- 
Uted  pressure  coefficients. 

This  report  contains  plots  and  tabular  listings  for  both  force  and 

pressure  dau.  Plotted  force  data  Illustrates  laterel-dlrectlonal.  longl- 

tudinal  and  hinge  moment  characteristics  of  the  configuration  tested. 

Plotted  pressure  dau  Illustrates  the  effect  of  several  control  deflec- 

tions  and  attitude  changes  on  local  pressure  distributions.  The  multiple 

volume  appendix  contains  a tabulated  listing  of  the  basic  force  and  pres- 

sure  date.  Listing  of  the  Interpolated  base  area  coefficients  Is  also 

Included.  The  plotted  and  tabulated  data  are  arranged  In  the  follouing 
manner: 


VOLUME 

NO. 

1 


2 


CONTENTS 

Force  data  plots  showing  lateral-directional 
longitudinal  and  hinge  moment  characteristics. 

Plots  Illustrating  the  effect  of  control  surface 
deflections  on  fuselage*  wing  and  vertical  tall 
pressure  distributions. 
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DATA  REDUCTION  (Concluded) 


VOLUNE 

NO.  CONTENTS 


3 Tabulated  Force  Data 

Dataset  Data  tvoe 

RE80$$  source  balance  coefficients 

RE8X$$  source  hinge  mo^nt  coefficients 

RE8Y$$  source  base  pressure  coefficients 

KE80$$  Interpolated  balance  coefficients 

adjusted  for  cavity  pressure  and 
forebody  coefficients 

EE8D$$  Interpolated  base  and  cavity  area 

FE8D$$  coefficients 

6E8D$$  interpolated  vertical  tall  base 

area  coefficients.. 


4.  5 
6.7,8 
9.10,11 


Tabulated  Pressure  Data 


Component 
orbiter  fuselage 
lower  wing 
upper  wing 


Fourth 

Character* 

B 

L 

U 


12  upper  body  flap  F 

12  lower  bod^  flap  G 

13  speed  brake  K 

13  vertical  tall  V 


1271 

3147 

5405 

5774 

6143 

6547 


The  fourth  character  In  each  dataset  Identifier  (I.e., 
Fuselage)  represents  the  Individual  component. 


XEflBXX,  B for 
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COEFFICI6NTS 
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DATA  SET/RUN  NUMBER  COLLATION  SUMMARY 
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TABLE  III 

MODEL.  DIMENSIONAL  DATA 

MODEL  COMPONENT  ; BODY  - 

GENERAL  DESCRIPTION  '•  ConfigiirAtion  liiOA/n 

il-A<lwUeftl  to  B».,  wcceDt  undaraida  of 
refftlr<d  to  accept  

QnQV MODEL  DRAVnMBt  58-40011.7^ 

DRAWING  NUMBER ; ,^3nn  ■onooni;  ^fy%4Aoo  r 

VL70-000140A,  -000140B 


DIMENSIONS ; FULL  SCALE  MODEL  SCALE 


Ungth  (OML:  Pwd  Sta.  Xq  -©5),In,  1293.3  38.799 

Lwigth  (IML:  Fud  SU  X 1290.1  38.709 

Mox  Width  (8  Xo  - 1528.3),  In.  aAL.o  7.Q3o 

Mox  D«pth  (®  Xq  « 1A64),  In,  aso.o  7 . 

Fineness  Rotio  0.26L  Q-TAl 

Area  « Pt^ 

Mox.  Cross-Seetionol  340.88  0.3068 

Plonfortn  •.■■ii—— . 

Wetted 

Bose  


KmoDCcra^o^  O 

ORIQiNAL  PAGE  W 


TABLE  III  (Continued) 


MODEL  COMPONENT  : BODY  - . 

GENERAL  DESCRIPTION  : Configuration  ii.oA/n  ^ 

^forward  fUeeUgo  RC3  thnwUr  porta.  othend.ae  Boo  !■  Idet 


DRAWING  NUMBER  . --g^gjiOQHy.jjg^  -OOPIAS.  ^290, 

VL70-000205,  «-006089,  -008501,  -008502, 


FULL  SCALE  MODEL  SCALE 


Ungth  (CML:  FWd  SU  X(T235),  In.  1293.3 
Length  (IML:  Pud  Sta  Xq  -238),  Tn  a 

Mox  Width  (9  Xq  - 1528.3),  In.  2Ai..o 

Mex  Depth  (®  Xq  - 1464),  In.  2SQ.Q 

Fineness  Rotio  — JL264 

Areo  - Pt^  «__ 

Mox.  Cross-Sectional  mm2hQ*SSim 

Plonform 

Wetted  


38.799 


' ,w.  ...  J* 


TABUS  III  (Cont'd) 


MODEL  COMPONENT  _ CANOPY  ^ 

GENERAL  DESCRIPTION  • ■ .CflOf loirAtlQn  3A.  Caniaar  ub«1  with 

J2a4: ^ 

MODEL  SCALE!  0,030 MODEL  DWG;  SS-A001A7.  Hmlw  12 

DRAWING  NUMBER  : __VL70-0001A3A 


DIMENSIONS  : FULL  SCALE 

Length  (X^^3A.643  to  57B),  In. 

Max  Width  (§  Xo  • 513.127),  In.  I52.kl2 
Max  Depth  («  X^  • 485.0),  In.  25.00 

Fineness  Ratio 
Area 

Max.  Cross.*Sectional  . 

Planform  — 

Wetted  

Base  


MODEL  SCALE 

4.572 

0«750 


36 


TABUS  m (Cmt'd) 


MODEL  COMPONENT  ELEVOW  . r 


GENERAL  DESCRIPTION  In.  P.fl.  nJaTUni 

mpper  doora  conterbody^leeoB . and  tlpawlt  4re  not 
(Data  TO  for  one  of  two  sides. ) 


_M0PEL  SCALP.!  Q.QVi 

drawing  number 


dimensions 

full  scale 

MODEL  SCALE 

Areo  - Pt^ 

210.0 

0.189 

Span  (equivaUnt)  , In. 

Jik9.2 

10.A76 

Inb’d  equivalent  chord.  In, 

118.0 

3.5A 

Outb’d  equivolent  chord  , In. 

— 

_ 1.6^ 

Rotio  movoble  surface  chord/ 
totol  surface  chord 

At  lnb*d  equiv.  chord 

0.2096 

0.2096 

At  Outb'd  equiv.  chord 

0.400L 

0.4004 

Sweep  Bock  Angles,  degrees 

Lending  Edge 

0.00 

0.00 

Troiling  Edge 

- 10.0*i6 

Hingeline 

0.0 

0.0 

^rroauct  of  Ares  St  oU 
Areo  Moment  (MseowtwKkiBpiitiUbi)  .Pt‘’^5B7.25 

0.0429 

Mean  Aerodynamic  Chord,  In. 

90.7 

2.V21 
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TABIK  m (Cont'4) 


O 


MODEL  COMPONENT  ; BODY  FLAP  - 

GENERAL  DESCRIPTION  '•  Conflgurmtlon  UOA/B 


MODEL  SCALE?  0»030 

DRAWING  NUMBER  : _ VL70-000U0B,  ^000200 


DIMENSIONS  : 


FULL  SCALE  MODEL  SCALE 


Max  Width  , In. 

262.308 

7.869 

Mox  Depth  > In. 

23.00 

0.690 

Fineness  Ratio 

\rea  - Pt^ 

Max.  Cross-Sectionol 

Planform 

L!»2.60 

0.128 

Wetted 

Bose 

41.90 

0.0377 

2«5A1 


ROTODUCimLl'l’y  OF  TliB 
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TABU  in  (Cont'd) 


MODEL  COMPONENT  : QMS  POP  * 

GENERAL  DESCRIPTION  '•  Confliwratlon  ILdC  orbltar  QMS  eod  ^ short  pcd. 
External  cofttour  Is  to  referenced  drawlnea  with  l/2«  addad  to 

TPS, 

MODEL  SCALE:  0,015 

DRAWING  NUMBER  : VL7(MX)8A01.  -008A10 


DIMENSIONS  : 


Length  (OMS  Pwd  SU  Xq  258.50 

Max  Width  (®  Xq  - 1511),  In, 

Mox  Depth  (®  Xq  “ 1511),  In, 


Fineness  Ratio 
Areo  - Ft^ 

Mox.  Cross— Sectional 
Plonform 


FULL  SCALE 

MODEL  SCALE 

n.^58.50 

7.755 

136.8 

4.104 

74.70 

2.2a 

2^ 

2.4B4 

58.865 

0.053 

Wetted 


OMS 


TABI£  III  (Cont’d) 


MODEL  COMPONENT:  WH  NOZZLES  > N. 


GENERAL  DESCRIPTION:  Conflguratloii  ILOA/S  arbiter  flMfi 


MODEL  SCALE:  O.Q-jO 


DRAVmtG  NUMBER: 
DIMENSIONS: 
MACH  NO. 


Length  - In. 

Gimbal  Point  to  Exit  Plane 
Threat  bo  Exit  Plane 

Diameter  - In. 

Exit 

Throat 

Inlet 

Area  - f t^ 

Exit 

Throat 


Left 


Gimbal  Point  (Station)  • In. 


Nozzle 


.^0 


zo 


Right 


Nozzles 


XO 

TO 

20 

Null  Position  > Deg. 
Left  • Nozzle 
Pitch 

Taw 


Right 


Nozzle 

Pitch 

Taw 


FULL  SCALE 

MODEL  SCALE 

4 

151B,0  45. 5A 

- 88.0 

- 2- 84 

492. 

14.74 

15X8.0 

„45,54_ 

492.0 

_ 

J2»17« 

15^49« 

12*17 1 

15«49» 

15_*49« 

12«17» 
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TABLE  III  (Cont'd) 


) 


l&  « Bg 


MODEL  COMPONENT  . Slj 

general  DESCRIPTION  _Sowf4nnf«tloB  UOC  n«ld.r  »- 

i^onflguratlon  IAOA/B 


MODEL  SCAl^t  0.010 

drawing  number  VL70-000U6B,  -000095 


dimensions 

FULL  SCALE 

MODEL  SCALE 

Area  - Pt^ 

100*15 

0.090 

Span  (equivalent)  , In* 

^1.00 

6.030 

lnb*d  equivalent  chord  * In* 

91*585 

2*748 

Outb'd  equivalent  chord  » 

— 

_J.*525 

Ratio  movable  surface  chord/ 
total  surface  chord 

At  Inb’d  equiv.  chord 

- 0-^00 

0.400 

At  Outb'd  equiv.  chord  , 

0*400 

0*400 

Sweep  Bock  Angles*  degrees 

Leading  Edge 

-34.83 

J4.83 

Trailing  Edge 

26.25 

26.25 

Hingeline 

-34*83 

34.83 

(Product  of  urea  & c) 
Area  Moment  WBBaafaijiJihnR^M  ni 

610.^2 

__0.0165 

Mean  AerodpnaiBlc  Chord,  In. 

73.2 

2.196 
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TABI£  III  (ContM) 


O 


MODEL  COMPDNEBTj  VERTICAL  - Vg 

GENERAL  DESCRIPTION:  Configuration  lAOC  orblfr  vertical 

lldontlc^l  to  eonflgurmtlon  I40A/B  vortical  tall. \ 


M0!>EL  SCALE:  Q.Q1Q 

DRAmo  NUMBER:  VL7(MXX)1LQC. 

DIMENSIONS: 


TOTAI,  DATA 

/irea  (73:eo)  - Pt^ 

FLaxxform 

Span  (Theo)  - In. 

Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Sveep-Back  Angles,  Degrees. 
Leading  Edge 
Trailing  Edge 
0.25  Element  Line 

Chords: 

Root  (Theo)  W 
Tip  (Theo)  W 
MAC 

Pus.  Sta.  of  .25  MAC 
W.P.  of  .25  MAC 
B.L.  of  .25  MAC 

Airfoil  Section 

Leading  Wedge  .nngle  - Deg. 
Trailing  Wedge  Angle  - Deg. 
leading  Edge  Radius 

Void  Area 

Blanketed  Area 


PULL  SCALE 

MODEL  SCALE 

_U3.*53 

0.372 

315.72 

9.472 

1*675  1.675 

0.507 

P.307 



-,.a>4P4,.. 

45.000 

45.000 

26.25 

26*25 

268.50 

8.055 

_108.47 

3.251 

199.81 

5.991 

1463.35 

43.901 

_635.52 

JP.066 

0.0 

0.0 

10.0 

10.0 

— 14.^2 

14.92 

2.0 

0.060 

13.17 

0.0019 

QtP 

^..0 
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TABI2  III  (Conl’d) 


MOOEU  COMPONEWT: 


GENERAL  DESCRIPTION*.  Configuration  L 


NOTEt  Identical  to  Wii>  axceot  *irfotl  thlekneea.  Ihrtnil  iMlR  U ilRtt 


trailing  edge  of  wing. 


MODEL  semi;  0.030 


TEST  NO, 

DIMENSIONS: 

TOTAL  DATA  ^ - 

Area 

Planfomi 
Span  (Theo  Xn« 

Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Dihedral  Angle,  degrees 
Incidence  Angle,  degrees 
Aerodynamic  Twist,  degrees 
Sweep  Back  Angles,  degrees 
Leading  Edge 
Trailing  Edge 
0.25  Element  Line 
Chords: 

Root  (Theo)  B.P.0.0. 
Tio,  vTheo)  B*P* 

MAC 

Fus.  Sta,  of  .25  MAC 
M.P.  of  .25  MAC 
B.L.  of  .25  MAC 


BP108 


EXPOSED  DATA  , 
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Figure  3.  - Concluded. 
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Volume  2 Plotted  pressure  data 


Tabulations  of  plotted  data  are  available  on 
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